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(54) Title: LASER THERMAL TUNING 

00 

^2 (57) Abstract: A multi -wavelength laser array where each element can be individually heated for fine tuning. The wavelength of 
the array can be coarsely tuned by selecting one laser of a particular wavelength for the array, and then applying a heating current to 

£^ fine-tune the wavelength. The lasers can be phase shifted DFBs for high single-mode yield. The heating can be performed monolithic 
to the device by passing current longitudinally through the p-type stripe, while the injection current passes vertically through the 
stripe. Alternatively an adjacent laser to the one selected can be activated, though not fiber coupled, such that the thermal load is 
sufficient to tune the selected laser. Thin film heaters placed on top or adjacent to the cavity can also be used. To minimize continuous 

^ power consumption, the on-chip heater can be used initially to tune the laser while the TE cooler responds on a slower time scale. 



10 


15 


WO 02/058197 PCT/USO 1/45716 

LASER THERMAL TUNING 

BACKGROUND 

The present invention relates to laser wavelength tuning, and more particularly 
to thermally tuning laser wavelength output 

Tunable lasers are highly desirable for multi-wavelength telecommunication 
links. Though there are a variety of laser structures that can tune the output 
wavelength, such structures generally suffer from various disadvantages such as low 
output power, small tuning range, poor spectral quality, or short lifetime. Compared 
to standard fixed wavelength distributed feedback (DFB) lasers, tunable lasers almost 
always compromise some functionality to obtain wavelength tunability. 

An alternative technique to using a single tunable laser is to select a particular 
laser from a multi-wavelength array. A structure for performing such a technique may 
include an array of multiple wavelength lasers fabricated on one chip. Some means, 
for example a movable mirror, couples a particular laser of the array, to an output 
2 0 fiber. Only one laser is operated at a time, with the choice of lasers governed by the 
desired wavelength. 

To keep the number of lasers manageable, the wavelength spacing between the 
lasers is made fairly large, and the temperature of the chip is adjusted by changing the 
temperature. Since high performance semiconductor lasers are usually stabilized with 
a thermo-electric (TE) cooler, the temperature can be easily adjusted electronically 
using a TE cooler. The tuning rate of DFB lasers in the 1.55um communication band 
is about O.lnm/C. Thus changing the temperature from about 10°C to 40°C can allow 
3nm tuning without deleterious effects on the device performance or lifetime. 

Unfortunately, when a TE cooler is used to fine tune the wavelength, the 
tuning time is relatively long, on the order of a second. For many applications, such 
as wavelength provisioning in the SONET telecommunication format, much faster 
tuning times on the order of milliseconds is preferred. 
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BRIEF SUMMARY OF THE INVENTION 

The present invention describes a number of techniques of applying localized 
heating in a multi-wavelength semiconductor laser array for rapidly fine tuning the 
output wavelength. Current can be driven along a laser stripe, and thus obviating the 
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need for a separate heater. One additional contact is used per laser for thermal tuning. 
Alternatively, lateral metallization can be applied adjacent to the lasing stripes, with 
5 all the lateral metallization electrically connected to one contact. Applying current 
through this contact to the active stripe causes the active element to heat. In this 
technique, one extra electric contact is used for the entire array. Another method is to 
apply a reverse bias to at least one adjacent laser of the array to cause current to flow 
10 in the top doped cladding, which has a negligible effect on the optical power output, 
but heats the laser element. In a closely spaced array, thermal cross talk between the 
lasers can also be used to tune the wavelength. In such a design, only the selected 
laser is optically coupled to the output, thus activating adjacent lasers does not affect 
the optical output directly. However the heat generated by the adjacent laser will 
thermally tune the optically coupled device. If optical cross-talk is an issue, the 
adjacent laser can also provide heat without light if the adjacent laser is reverse 
biased, particularly strongly reversed biased. Individual thin film heaters can also be 
used in the array. In a set of operating conditions, the individual film heaters, or other 

2 0 heaters discussed herein, rapidly tune the wavelength of the laser while the TE cooler 

has time to respond. Thus, the heater would only be used for a short time during the 
tuning cycle, and little extra power would be required otherwise. 

In one embodiment, the present invention comprises a thermally tuned optical 
25 device. The optical device comprises a diode laser having a substrate, a waveguide, 
and an active region between the substrate and the waveguide. The optical device 
further includes an electrical contact on the substrate, the substrate being at a substrate 
potential, a metal layer in thermal contact with the waveguide, and^a first electrical 
contact and a second electrical contact. The first electrical contact is on the metal 
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layer whereby application of a first potential to the first electrical contact causes the 
diode layer to lase. The second electrical contact is on the metal layer, whereby 
application of a second potential to the second electrical contact causes a current to 
flow between the first electrical contact and the second electrical contact, thereby 

3 5 heating the laser. 

In a further embodiment, the present invention comprises a thermally tuned 
laser array. The array comprises an array of ridge waveguide diode lasers. The ridges 
are separated by an interstripe area. A metal contact is on top of each ridge, each 
metal contact therefore corresponding to a laser in the array of lasers. An interstripe 
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metallization is in each interstripe area. One of the metal contacts is. set to a potential 
at least sufficient to cause the corresponding laser to emit light. At least one 
interstripe metallization in an interstripe area about the one of the metal contacts set to 
the potential is below that otherwise caused by setting the metal contact to the 
potential. 

In a further embodiment, the present invention comprises a method of 
thermally tuning a diode laser. In one embodiment the method comprises selecting a 
laser of the array of lasers. The method further comprises applying a thermal signal to 
a contact on the array of lasers, and applying a signal to a thermal electric cooler. 

These and other aspects of the present invention are more readily understood 
upon viewing the figures indicated below in conjunction with the following detailed 
description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates one embodiment of an optical transmission apparatus having 
an individually addressable multi-wavelength laser array directly coupled to a 1:N 
micro-mechanical switch; 

FIG. 2 illustrates one embodiment of a semiconductor waveguide laser; 

FIG. 3 illustrates another embodiment of a semiconductor waveguide laser; 

FIG. 4A illustrates a top view of another embodiment of a semiconductor 
waveguide laser; 

FIG. 4B illustrates a cross section view of the semiconductor waveguide laser 
ofFIG.4A; 

FIG. 4C illustrates a cross section view of another embodiment of 
semiconductor waveguide lasers; 

FIG. 5 illustrates one embodiment of a thermal cross-talk reduction system for 
various embodiments of an optical transmission apparatus; 

FIG. 6 illustrates a flow diagram of one embodiment of a process of thermally 
tuning a laser; 

FIG. 7 illustrates an embodiment of controlling thermal dissipation using 
Schottky contact; 

FIG. 8 illustrates one embodiment of controlling thermal dissipation using an 
alternate depletion layer; and 
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DETAILED DESCRIPTION 
5 FIG, 1 shows an array of single frequency lasers, such as distributed feedback 

(DFB) devices, on a semiconductor substrate. The array of lasers comprises a number 
of independently addressable lasers or laser elements 7 on a substrate 5. In one 
embodiment, a thermo-electric (TE) cooler 21 is coupled to the substrate to thermally 

2 q tune a laser. Each laser has a separate contact pad 3 from which current is injected 

into the laser. Each laser is designed to operate at a different lasing wavelength. 

When current is injected into the laser using, for example, contact pads 3, the 
laser emits radiation with a specific wavelength and from a particular position on the 
substrate, as represented by the arrows 9. In one embodiment, one laser is operated at 
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a time, depending on the desired wavelength. The radiation or light from the lasers is 
transmitted to a micro-mechanical optical switch or switching element 11. The 
switching element has a number of states. In each particular state of a set of states, 
one of the input optical beams, i.e., light from one of the lasers, is transferred to the 

20 output 13 and transferred to the output fiber 15. The entire assembly is packaged, 
together on one submount 19. In one embodiment, the TE cooler is coupled to the 
submount to thermally tune the selected laser. 

To assign different wavelengths to each laser, a number of techniques can be 

25 used, such as directly-written gratings with electron beam lithography, stepping a 
window mask during multiple holographic exposures, UV exposure through an 
appropriately fabricated phase mask, or changing the effective index of the mode of 
the lasers. Generally, for stable single mode characteristics, either aucontrolled phase 
shift is also included in the laser or gain/loss coupling is used in the grating. The 
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wavelength of such lasers can be accurately controlled through dimensional variables, 
such as stripe width or layer thickness, and varied across the array. 

In some embodiments, individual laser elements are individually heated for 
fine tuning. The wavelength of the array is individually coarsely tuned by selecting 

3 5 one laser of a particular wavelength from the array. The wavelength of the selected 

laser is fine tuned by applying a heating current to the device, resulting in heating of 
the laser. In one embodiment, the heating is performed monolithic to the device by 
passing current longitudinally through the p-type stripe of the laser, while an injection 
current passes vertically through the stripe. In another embodiment, a laser adjacent 
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to the laser selected is activated, though not fiber coupled, such that the thermal load 
generated by the adjacent laser tunes the selected laser. In a further embodiment, thin 
film heaters are placed on top or adjacent to the laser cavity. For the embodiments of 
on-chip heating and heaters described herein, on-chip heating may be performed 
initially to tune the laser while a TE cooler responds on a slower time scale, thereby 
minimizing continuous power consumption. 

Turning to some specific examples in accordance with the above-described 
aspects, and additional aspects, of the present invention, FIG. 2 illustrates a 
semiconductor waveguide laser. The laser is a simple ridge waveguide laser, though 
in other embodiments buried hetero-structure, buried rib, or other types of lasers are 
used. In the laser of FIG. 2, the laser epitaxial layers are grown on an n-type InP 
substrate 161. The first layer of the laser is an n-type epitaxially grown InP lower 
cladding layer 163, then a undoped InGaAsP quaternary active layer 165, and then a 
top p-type InP cladding layer 167. The top p-type InP cladding layer is etched in the 
shape of a ridge using conventional photolithography. For a DFB laser, the growth is 
interrupted midway and a grating is etched into the laser (not shown). After the ridge 
is etched, the wafer is coated with an insulating dielectric 169, such as silicon nitride, 
with the dielectric is removed on top of the ridge to form layer 169. 

Metallization is applied to the top of the ridge, as shown by element 1603. A 
second metallization step provides contact regions 1601 and 1605 at the ends of the 
stripe. The contact regions are electrically accessed by wires 1609 and 1607. The 
backside of the substrate is also metallized and electrically contacted with a wire 
1611. 

In operation, current flowing vertically through the laser, from the cladding 
layer 167 to the substrate contact 1611, causes the laser to lase. Placing the contact 
pads 1601 and 1605 at different potentials causes current to flow horizontally through 
the metallization layer 1603. The resistance of the metallization layer is determined 
by the thickness of the layer. 

The electrical resistance of the laser diode is generally governed by the 
vertical conduction through the p-type top cladding 167, and a beneficial design 
minimizes this resistance without increasing the doping to such an extent as to 
increase the optical absorption of the lasing mode. Generally this vertical resistance is 
a few ohms in standard lasers. Since relatively uniform injection of carriers into the 
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laser is desirable, the electrical resistance of the top metallization element 1603 as 
measured between wires 1609 and 1607 is preferably smaller than the vertical 
5 resistance of the laser. Since the electrical resistance of the top metallization element 
can be adjusted by varying the thickness of metallization 1603, the electrical 
resistance can be made small enough to provide uniform injection into the diode, but 
large enough such that a reasonable electrical current passed between wires 1609 and 
1 o 1 607 resisti vely heats the lasing stripe. 

FIG. 3 illustrates a further embodiment in which a vertically driven laser is 
heated using a horizontal current. As in FIG. 2, FIG. 3 illustrates a laser with an n- 
type InP substrate 161, an n-type InP lower cladding layer 163 on top of the substrate 
161, an undoped InGaAsP active layer 165 on top of the n-type cladding layer 163, 
and a ridged p-type InP cladding layer 167. The ridged p-type cladding layer is on 
top of the active layer 165, and for a DFB laser includes a grating midway through the 
layer. An insulating dielectric 169 Overlays the p-type cladding layer, except for the 
top of the ridge. A top metallization layer 171 runs the length of the ridge. The top 
20 metallization layer, in the embodiment of FIG. 3, can be made very thick, since this 
element is no longer used as the heating resistor. 

After depositing or plating the metallization layer, the device is coated with a 
further dielectric layer and lithographically patterned to form a further dielectric layer 
25 177. The further dielectric layer covers nearly all the stripe except the very front. 
Contact pads 173 and 179 are then formed in a subsequent step along with a thin 
connecting layer 175. The contact pad 173 is placed on the front of the stripe, or 
ridge, and contacts the metallization layer. The contact pad 179Js on top of the 
further dielectric layer, and at the rear of the stripe in the embodiment of FIG. 3- The 
thin connecting layer connects the contact pads. 

A heating current is applied to the connecting layer using wires 1607, 1609, 
each of which are connected to one of the contact pads. By including the further 
dielectric layer 177, the heating current applied between wires 1609 and 1607 is fully 
35 decoupled from the injection current of the laser, applied between wires 1609 and 
1611. Thus, the further dielectric layer of insulation and a subsequent metallization 
step decouples the uniform charge injection from the heater resistance and allows for 
higher resistance, and heating, by the horizontal heater. 

FIGs. 2 and 3 show a single element device. In further embodiments, a multi- 


30 


6 


15 


WO 02/058197 PCT/USO 1/457 16 

wavelength array is formed aggregating a number of adjacent single element devices. 
Multi-wavelength operation is provided, for example, as discussed with respect to 
5 FIG. 1. Depending on the contacting arrangement, an additional layer of insulation 
may be useful so that the metallization element does not short the devices together. 
The embodiment described in FIG.3 is particularly well suited for arrays, as the 
contact 179 of each element of the array can be connected together. Since the 
10 electrical resistance between the contact 179 and 173 is quite high, there is adequate 
isolation between the lasing elements with a much simplified contacting procedure. 
Current is injected' between the selected laser p-contact wire 1609 and the general n- 
contact 161 1 wire to turn the laser on, and then heating current is applied between all 
the heater wires 1607 shorted together and the selected p-contact 1609 wire. Such an 
array only has one additional contact for the heater element 

For a laser array application with N lasing stripes, devices using heating 
elements in accordance with the embodiments of FIG. 2 results in 2N top contacts, 
and a common backside contact. As mentioned, for the extra metalization case of 
20 FIG. 3, all of the heater contacts 179 are tied together in a single metalization element 
in one embodiment. This reduces the number of electrical connections to be made to 
the chip to N laser contacts, the substrate, and the heater contact As long as the 
unused laser contacts are allowed to float and the heater voltage does not forward bias 
25 the lasers (which puts a lower bound on heater resistance), then only the operating 
laser is heated. 

An alternative embodiment for reducing the number of top contacts for array 
applications is shown in FIGs. 4A 4B, and 4C. FIG- 4A shows the top view of such a 
chip with an array of three lasers. FIG. 4B illustrates a cross-section of the chip of 
FIG. 4A. In the embodiment of FlGs. 4A and 4B, the semiconductor chip is 
processed as before, with independent contacts 183, 185, 187 on top of each ridge. In 
addition to these contacts, contacts 181 are provided in the space between the 
-different laser ridges, and the contacts 181 are shorted together and electrically 
3 5 contacted with a wire bond. Thus, for an array of N lasers, there are N+2 contacts to 
the entire chip, with N contacts for each laser stripe, one contact to the space between 
the lasers, and one contact to the substrate. 

Since the lasers are DFBs and the feedback arises from the grating embedded 
in the waveguide, the laser stripes do not have to extend the entire length of the chip. 
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The space behind the lasers, therefore, can be used for metallization and contact pads. 
Alternatively, the lasers extend along the chip and multi-layer metal are used to 
5 connect the wiring. 

The cross-section of FIG. 4B also illustrates further aspects of the present 
invention. As in FIG. 4A, metallization elements 185, 183, and 187 are connected to 
the tops of the laser ridges, while an electrically connected metallization element 181 
2L0 runs between the ridges. A wire 1801 is coupled to the center metallization element 
on the center ridge, and a wire 1803 is coupled to the inter-striped metallization. A 
wire 1805 is coupled to the bottom substrate. For normal injection into the central 
diode, a current is applied between wires 1801 and 1805, thereby forward biasing the 
p-n junction and activating the laser, while the inter-stripe metallization 181 is 
allowed to float. For example, in one embodiment, the substrate contact 1805 is 
grounded, and the wire 1801 forward biased to about 2 volts. Under these conditions, 
a voltage exists at the interstripe metallization contacted by wire 1803, caused by p- 
type carriers drifting to the contact and slightly forward biasing the junction between 
20 the stripes. However, if the voltage at the interstripe metallization is allowed to float, 
the leakage current should be no greater than the case with no metallization. 

To raise the temperature of the selected device, the voltage on the interstripe 
metallization is reduced, perhaps even below the ground level, causing an electric 
25 field to appear from the active stripe 183 to the adjacent interstripe metallization. 
This field causes carriers 1809 to drift to the interstripe contact If current through the 
laser stripe and exiting from the substrate wire 1805 is maintained, the additional 
current injected through the top wire 1801 will simply pass to the adjacent interstripe 
metallization and cause heating. As a result the stripes 185 and 187 that are not 
activated are minimally affected. The metallization between them will be reverse 
biased, but if stripes 185 and 187 are floating, no current and excess heat are 
produced. 

Generally, in laser design, a thin layer of small bandgap material, such as 
3 5 InGaAs, is grown on top of the InP cladding layer to allow for good ohmic contact to 
the top metallization. In FIGs. 4A and 4B, this thin layer is not present in all 
embodiments for the interstripe metallization 181 as the layer had been etched to form 
the ridge. This is actually beneficial for the heating process, as it results in a larger 
voltage drop between metallization 181 and the p-type InP layer 167. Furthermore, 
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the doping levels are also reduced near the active region in optimized structures, 
which further increases the resistance, and thereby the voltage and the heating. 

In another embodiment, shown in FIG. 4C, no interstripe metallization is used. 
The adjacent lasers are reverse biased to realize much the same effect. The doping 
and the thickness of the p-type top region between the stripes should be sufficiently 
high such that reverse biasing the adjacent laser diodes does not fully deplete this 
layer between the stripes. If the layer is fully depleted, the power output of the main 
laser may be reduced. 

In an alternate embodiment, the interstripe metallization is used in forward 
biasing. In such an embodiment, current is injected directly into the p-n junction and 
causes heat. Poor ohmic contact of the metallization, for example through decreased 
doping or avoiding the use of an InGaAs on top of the InP cladding layer, is an 
advantage, as it increases the voltage and therefore the heating. If the injected carriers 
disturb the optical mode, isolation trenches can be etched, about the waveguide. In 
another embodiment, doped junctions are placed below the interlayer metallization. 
This aids both in applying a reverse bias to the contacts, and actually increases the 
resistance of the diode by spreading the depletion region to under the main ridge. 

For closely spaced arrays, there is considerable thermal cross-talk between the 
stripes, and rapid thermal tuning is accomplished by injecting current into nearby 
stripes. Presumably only the desired laser is coupled to the output fiber, thus the 
effect of injecting current into the adjacent stripes will only be the thermal cross-talk. 
One embodiment of such a system is shown in FIG. 5. A package 191 contains a 
multi-wavelength independently addressable laser array 193 and sul:N microswitch 
195. The microswitch selects an optical beam from a particular laser and couples the 
selected optical beam into an output fiber 1901. In FIG. 5, the switch is shown 
selecting the second laser from the top and sending the light from this laser to the 
output fiber. Light from the other lasers is lost in the package. The contact pad 197 is 
associated with this selected laser. Adjacent laser contact pads 199 and 1907 are 
respectively associated with the adjacent lasers. Two current sources are also 
associated with the package. The current drive 1903 for the selected laser is 
connected to contact pad 197 while the thermal tuning current 1905 is connected to 
the adjacent laser contact pads 199 and 1907. When the switch 195 selects another 
laser, the current supplies are reconfigured. 
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Depending on the details of the implementation, optical cross-talk may be an 
issue inside the package. If the performance of the switch is inadequate, some of the 
light from the adjacent lasers will pass through the switch and make it to the fiber 
output, affecting the purity of the light delivered to the system. In this case the heat in 
the adjacent lasers can be produced without causing light emission by reverse biasing 
the adjacent lasers. Some photons from the active laser will leak into the reverse bias 
junction, which along with regular leakage current will generate heat as they are 
swept out under the reverse bias voltage. Such an embodiment may be achieved, for 
example, using the embodiment of FIG. 5 with the modification of the current source 
48 to a reverse biased voltage or current source. 

In cases where power consumption is an issue, integrated heaters as described 
here would be used to rapidly tune the wavelength of the laser while the TE cooler has 
time to respond. For instance, FIG. 6 illustrates a flow diagram of such a process of 
thermally tuning a laser. In block 201, the process selects a laser having a desired 
wavelength. In one embodiment, a laser having a particular wavelength is identified 
by consulting a look-up table and is selected out of an array of laser by injecting 
current via a contact into the identified laser. As a result, the laser emits light In 
block 20)3, the process directly thermally tunes a selected laser stripe. The laser is 
directly thermally tuned, as previously described in one embodiment, by injecting 
current substantially perpendicular to the current injected into the laser which caused 
the laser to lase. 

In block 205, the process activates a thermo-electric (TE) cooler and adjusts 
the TE cooler to thermally tune the selected laser. As the TE change^ the temperature 
of the optical sub assembly and warms up the laser chip, the direct heating current is 
reduced accordingly, such that the temperature of the active waveguide and thus the 
wavelength stays the same. Feedback from a wavelength locker can be used to make 
sure that the reduction in the direct heating current exactly balances the increased heat 
generated by the TE. In block 207, as the TE cooler may take some time to respond, 
the process determines if the TE cooler is operating such that the TE cooler is 
thermally tuning the selected laser, and whether the direct heating current is zero. It 
in block 207, the process determines that there is still some directly injected heating 
current, the process waits and then repeats, continuing back to block 25, to increase 
the TE cooler current and reduce the direct heating current further. Otherwise, the 
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process continues to block 27 and terminates the thermal tuning. The process then 
returns. The process, in one embodiment, is continuous. As the TE cooler causes the 
temperature to rise, the direct heating current is reduced accordingly such that the 
laser stripe temperature, and the wavelength stays the same. The use of a wavelength 
locker, in one embodiment, helps the process, as tracking the wavelength yields 
accurate information about the lasing stripe temperature. 

Thus, the heater would only be used for a short time during the tuning cycle, 
and little extra power would be required. The advantage of this approach is that the 
TE cooler is generally a more efficient means of heating a device. In many 
applications, such as a backup laser for a WDM transmitter, this can be important, 
since the laser can initially be put in a "Stand-by" condition at a low TE adjusted 
temperature, and can thereby move to any wavelength very rapidly. 

If thermal tuning is used only for short time periods, no additional heater may 
be needed as increasing the laser current thermally tunes the laser. Constant optical 
power at the output can also be maintained by decreasing the optical coupling during 
these high current periods. In many applications, single frequency lasers can actually 
be run at much higher currents than their nominal specifications without degradation 
in the optical quality. However, lasers are often de-rated to maintain adequate life. 
For these tuning applications, where they are required to run at higher currents for a 
very short period of time, the effects on the lifetime of the lasers are negligible. 

In one embodiment a third contact is placed on the laser diode which controls 
the amount of power dissipated in the device. FIG. 7 illustrates one embodiment of 
adjusting power dissipation in a laser using Schottky contacts. As illustrated in cross- 
section, an n-type InP cladding layer 61 is grown on an n-type InP substrate (not 
shown). An undoped InGaAsP active layer 63 is on top of the n-type cladding layer. 
A ridged p-type InP cladding layer 65 is on top of the active layer, and the p-type 
cladding layer includes a grating. A metal contact layer 67 is on top of the ridge, and 
in combination with a contact layer under the substrate bias the diode so as to inject 
current into the laser. 

Metal contacts 73 are placed on the p-cladding, proximate to the ridge. The 
metal contacts may be viewed as middle electrodes as the metal contacts are, as 
illustrated, vertically between the bottom substrate contact, or electrode, and the top 
ridge contact, or electrode. The metal contacts placed on the p-cladding form 
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Schottky contacts. 

The Schottky contacts are reverse biased in order to deplete a lightly doped 
5 layer 71. As illustrated in FIG. 7, the lightly doped layer extends substantial across a 
portion of the ridge formed by the p-type cladding layer. The middle electrodes 73 
are placed so as to be partially on the side of the ridge of the p-cladding. Reverse 
biasing the middle electrodes depletes the lightly doped layer. Depending on the 
10 amount of reverse bias voltage applied, the resistance of the doped layer can be 
changed. Thus, by changing the resistance, the bias current crossing the laser 
generates heat. In one embodiment, in order to completely deplete the layer with a 
couple of volts of reverse bias a doping level of approximately 10 15 /cm 3 is used, for a 
4 urn stripe width laser. This is fairly low, and in practice such a layer may be 
intrinsically doped with the surrounding p-layers providing the doping. In p-type 
cladding layers, a positive voltage is applied to a schottky contact to reverse bias the 
junction and deplete the carriers under the stripe. 

Alternatively, the junction can be forward biased (by applying a negative 
2 0 voltage compared to the voltage at 67) and some of the hole current can be extracted. 
The current at 67 would be increased accordingly, and the extra current flowing 
between 67 and 73 would be only a heating current that would raise the temperature. 

FIG. 8 illustrates one embodiment of controlling thermal dissipation using 
25 alternate depletion layer which does not use metallization on the sidewalk. In this 
embodiment, the depletion layer is buried close to the active region and flat contacts 
are used. A thin layer of doped material is depleted before depleting the lightly doped 
layer. The depletion spreads sideways following the lightly dopedJayer to begin to 
pinch off the laser. This embodiment has the advantage of relaxed metal patterning 
requirements and the low-doped layer next to the active region will help with free 
carrier absorption. 

However, the mode size of the laser may change as the device is pinched off. 
Also, having a lightly doped layer so close to the active region may contribute to 
35 carrier leakage. This problem can somewhat be alleviated by have a p-doped spike 
close to the active region to block electrons from escaping over the barrier. Forward 
biasing these junctions also provide heat in the same way as described in Fig. 4B 

The foregoing embodiments may be used, for example in an array of DFBs on 
a single substrate. An array of DFBs is useful in that different DFBs in the array may 
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be used as backups in the event of failure or excessive degradation of a particular 
DFB. In addition, the DFBs may generate light at different wavelengths, with the 
5 array thereby providing wavelength selection, or tunability, of the output of a laser 
package. 

In one embodiment the depletion layers are used to pinch off adjacent DFBs in 
the array of DFBs. The adjacent DFBs are pinched off to prevent lasing of the DFBs, 
10 and possible interference with the use of the output of a particular selected DFB. The 
adjacent DFBs, however, generate heat, which affects the temperature of the selected 
DFB, assuming the stripes forming the DFBs are in sufficient proximity. 
Alternatively, or in addition, the adjacent DFBs may be reverse biased so that the 
adjacent lasers break down and generate heat. 

15 

Accordingly, the present invention provides a system and methodology for 
heating elements on laser sections for high speed tuning. Although this invention has 
been described in certain specific embodiments, many additional modifications and 
variations would be apparent to one skilled in the art. It is therefore to be understood 

20 that this invention may be practiced otherwise than is specifically described. Thus, 
the present embodiments of the invention should be considered in all respects as 
illustrative and not restrictive. The scope of the invention to be indicated by the 
appended claims, their equivalents, and claims supported by the specification rather 

2 5 than the foregoing description. 
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1 . A thermally tuned optical device comprising: 

a diode laser having a substrate, a waveguide, and an active region between 
the substrate and the waveguide; 

an electrical contact on the substrate, the substrate being at a substrate 
potential; 

a metal layer in thermal contact with the waveguide; 

a first electrical contact on the metal layer, whereby application of a first 
potential to the first electrical contact causes the diode laser to lase; 

a second electrical contact on the metal layer, whereby application of a second 
potential to the second electrical contact causes a current to flow between the first 
electrical contact and the second electrical contact, thereby heating the laser. 

2. The thermally tuned optical device of claim 1 wherein a dielectric 
separates the second electrical contact and the waveguide. 

3. The thermally tuned optical device of claim 2 wherein the dielectric 
separates the metal layer and the waveguide at locations other than substantially about 
the first electrical contact. 

4. The thermally tuned optical device of claim 3 wherein the waveguide 
is formed of a ridged InP cladding layer containing a grating. _ 

5. The thermally tuned optical device of claim 4 wherein the ridged InP 
cladding layer has a top surface, with the metal layer in thermal contact with the top 
surface. 

6. The thermally tuned optical device of claim 5 further comprising a 
thermoelectric (TE) cooler thermally coupled to the substrate. 
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7. The thermally tuned optical device of claim 6 wherein a plurality of 
waveguides are separated from the substrate by the active region, the optical device 
therefore forming an array of lasers, 

8. The thermally tuned optical device of claim 7 wherein at least some of 
the lasers in the array of lasers lase at different wavelengths, 

9. The thermally tuned optical device of claim 8 further comprising a 
plurality of metal layers, each of the metal layers in thermal contact with one of the 
lasers in the array of lasers, and for each metal layer: 

a first electrical contact on the metal layer, whereby application of a first 
potential to the first electrical contact causes the diode laser to lase; 

a second electrical contact on the metal layer, whereby application of a second 
potential to the second electrical contact causes a current to flow between the first 
electrical contact and the second electrical contact, thereby heating the laser. 

10. The thermally tuned optical device of claim 9 wherein the second 
electrical contacts are tied to the same potential. 


2 5 11. A thermally tuned laser array, comprising: 

an array of ridged waveguide diode lasers, the ridges being separated by an 
interstripe area; 

a metal contact on top of each ridge, each metal opntact therefore 
corresponding to a laser in the array of lasers; 

an interstripe metallization in each interstripe area; 
with a one of the metal contacts set to a potential at least sufficient to cause the 
corresponding laser to emit light; and 

with at least one interstripe metallization in an interstripe area about the one of 
35 the metal contacts set to a potential below that otherwise caused by setting of the one 
of the metal contacts to the potential at least sufficient to cause the corresponding 
laser to emit light. 
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12. The thermally tuned laser array of claim 1 1 wherein a plurality of the 
interstripe metallizations are set to the same potential. 


13. A thermally tuned laser array, comprising: 

an array of ridged waveguide diode lasers, the ridges being separated by an 
interstripe area; 

a metal contact on top of each ridge, each metal contact therefore 
corresponding to a laser in the array of lasers; 

an interstripe metallization in each interstripe area; 

with a one of the metal contacts set to a potential at least sufficient to cause the 
corresponding laser to emit light; and 

a plurality of isolation trenches, each of the isolation trenches being between 
an interstripe metallization and a ridge. 

14. The thermally tuned laser array of claim 13 wherein an interstripe 
metallization is coupled to a current source adapted to provide a current to the 
interstripe metallization. 

15. A method of thermally tuning a diode laser, the diode laser having an 
metal layer atop the laser and a substrate, the method comprising: 

forward biasing the laser by placing at least a portion of the metal layer at a 
potential above the substrate to cause the laser to emit light; and 

generating a current in the metal layer by placing at least a second portion of 
the metal layer at a potential different than the potential above the substrate, whereby 
heat is produced in the metal layer. 

16. The method of claim 15 wherein the substrate is at a substrate 
potential, and the difference between the substrate potential and the potential above 

35 the substrate is significantly greater than the difference between the potential above 
the substrate and the potential different than the potential above the substrate. 

17. A method of thermally tuning a diode laser in an array of diode lasers, 
the method comprising: 


16 


WO 02/058197 PCT/US01/45716 

selecting a laser of the array of lasers; 
providing a lasing current to the selected laser 
coupling light emitted from the selected laser to an output; 
providing a thermal current to a laser adjacent to the selected laser, whereby 
the thermal current causes the adjacent laser to generate heat. 

18. The method of claim 17 wherein providing the thermal current to the 
adjacent laser results in forward biasing of the adjacent laser. 

19. The method of claim 17 wherein providing the thermal current to the 
adjacent laser results in reverse biasing of the adjacent laser. 

20. A method of thermally tuning a diode laser in an array of lasers on a 
common substrate, with a thermoelectric cooler coupled to the array of lasers, the 
lasers being tunable through application of a thermal signal to at least one contact on 
the array of lasers and through application of a signal to the thermoelectric cooler, the 
method comprising: 

selecting a laser of the array of lasers; 

applying the thermal signal to a contact on the array of lasers; and 
applying the signal to the thermoelectric cooler. 

21. The method of claim 20 further comprising deapplying the thermal 
signal to the contact on the array of lasers. - 

22. The method of claim 21 wherein deapplying the thermal signal to the 
contact on the array of lasers occurs after a predefined time interval. 

23. The method of claim 21 wherein a magnitude of the thermal signal is 
based on a difference between an actual wavelength of light emitted from the selected 
laser and a desired wavelength of light emitted from the selected laser. 
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24. The method of claim 23 wherein deapplying the thermal signal to the 
contact on the array of lasers occurs when the magnitude of the thermal signal is 
below a predetermined magnitude. 

25. The method of claim 23 wherein deapplying the thermal signal to the 
contact on the array of lasers occurs when the difference between the actual 
wavelength of light emitted from the selected laser and the desired wavelength of 
light emitted from the selected laser is below a predetermined magnitude. 

26. A thermally tuned laser comprising: 
a substrate; 

an n-clad region on the substrate; 
an active region on the n-clad region; 

a p-clad layer on the active region, the p-clad layer including a ridge and a 
lightly doped region; and 

metallization contacts proximate the ridge and about the lightly doped regions. 

27. The thermally tuned laser of claim 26 wherein the lightly doped region 
extends substantially across the ridge. 

28. The thermally tuned laser of claim 27 wherein the metallization 
contacts extend along the ridge. 

29. The thermally tuned laser of claim 28 wherein the metallization 
contacts are reverse biased with respect to the laser. 

30 f The thermally tuned laser of claim 26 wherein the lightly doped region 
has a doping level of approximately 10 l5 /cm 3 . 

3 1 . The thermally tuned laser of claim 26 wherein the lightly doped region 
is close to the active region. 

32. The thermally tuned laser of claim 31 further comprising a heavily 
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doped region between the lightly doped region and the active region. 


33. A thermally tuned laser of an array of lasers, the laser comprising: 
a substrate having a top and a bottom; 

a first contact on the bottom of the substrate; 
a n-cladding layer on the top of the substrate; 
an active region being on the n-cladding layer; 

a p-cladding layer being on the active region and having a ridge, the 
ridge having a top; 

a second contact on the top of the ridge; 

a third contact on the p-cladding layer proximate to the ridge; and 
a fourth contact on the p-cladding layer proximate to the ridge. 

34. The laser of claim 33 wherein the third contact is on one side of the 
ridge and the fourth contact is on an opposite side of the ridge. 

35. The laser of claim 34 wherein the third contact is on one side of the 
ridge and the fourth contact is on an opposite side of the ridge and a portion of both 
contacts are up and along a portion of the ridge. 

36. The laser of claim 35 wherein the n-cladding is a n-type epitaxially 
grown InP lower cladding layer. 

37. The laser of claim 36 wherein the active layer is an undoped InGaAsP 
quaternary active layer. 

38. The laser of claim 37 wherein the p-cladding layer is a p-type InP 
cladding layer. 

39. A thermally tuned laser of an array of lasers, the laser comprising: 
a substrate having a top and a bottom; 

a first contact on the bottom of the substrate; 
a n-cladding layer on the top of the substrate; 
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an active region being on the n-cladding layer; 

a p-cladding layer being on the active region and having a ridge, the 
5 ridge having a top; 

a second contact on the top of the ridge; 

a first contact region being on one end of the second contact; 

a second contact region being on another opposite end of the second 

^ 0 contact; 

a connecting element coupling the first contact region to the second 
contact region; and 

an insulating layer disposed between the ridge and both the second 
contact region and portions of the connecting element 

15 

40. A method of thermal tuning, the method comprising: 

selecting a laser from an array of lasers, the selected laser having a 
desired wavelength; and 
2 0 activating a second laser proximate the first laser, such that thermal 

load on the second laser is sufficient to tune first laser. 

41. The method of claim 40 further comprising reverse biasing the second 
2 5 laser, such that the second laser is prevented from emitting light. 

42. A thermally tuned laser array comprising: 

an array of lasers on a substrate; _ 

means for providing a drive signal to lasers making up the array of 

lasers; 

means for providing a heating signal to lasers making up the array of 
lasers, the heating signal and the drive signal in conjunction resulting in heating of a 
laser in the array of lasers. 

35 
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